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Summary 


The Minnesota Iron Range area was selected as one of the 
land use areas to be evaluated. Six classes were selected 
name ly , 


1) 

hardwood 


2} 

conifer 


3) 

water (including in 

mines ) 

4) 

mines, tailings and 

wet areas 

5) 

open 


6) 

urban 



Initial classification results show a correct classifica- 
tion of 70.1 to 95.4% for the six classes. This is extremely 
good. It can be further improved since there were some in- 
correct classifications in the ground truth. 



Application of ERTS-1 Imagery to the Evaluation of 
Land Use in the Minnesota Iron Range: 

A Study of the Trout Lake Area 


A. Purpose 

The purpose of this study was to determine how effectively 
different types of land use can be distinguished, one from the 
other by the use of light density levels from the four bands 
of the ERTS-1 photos . 

The photo used for the study was 1075-16312. There were 
several reasons why this particular photo and the area within 
were chosen. First, it offered a cloudless view of the Iron 
Range at a time of the year when vegetation’ was in full bloom. 
Second, another area of this photo, Pineville, had already 
been evaluated by Mike Cheung, a co-investigator. Thus, the 
density levels of particular features could be compared from 
one part of the photo to another allowing something to be said 
about the transferability of evaluations. The Trout Lake 
area was selected because of the ground truth information 
available. For all areas such information as aerial photos, 
county maps, and quadrangle maps are available. But, for 
this area there was also available a map of land use produced 
by the Department of Geography of the University of Minnesota 
from ERTS photos. These were considered good as ground truth 
because the interpreters had already decided what information 
could be obtained from the ERTS photos in the Iron Range . 

B. Procedure (ad adapted by M. Cheung) 

The general procedure for extracting, mapping, and class- 
ifying the land use of a particular site explained in the 
following paragraphs was deviced for our purposes by Mike 
Cheung. The procedure was as follows: 

Step 1 

The first step was to pinpoint the proposed study area 
on the ERTS photo. This was done by overlying 10 by 10 to 
the centimeter graph paper on the photo. The outline of the 
photo was then divided into four equal vertical strips, in 
the same manner as the data of the photo is stored on the 



magnetic tape. Using the divisions of the graph paper, the 
area desired was encased. If the area fell within two of 
the vertical strips, it had to be extracted from two separate 
digital tapes. This was not the case with Trout Lake. The 
location of the area on the magnetic tape was determined by 
the number of columns and rows from the upper left hand corner 
of its vertical strip times the number of data elements per 
division in each direction. 

Step 2 

Next, the data within the study area was transferred 
from the ERTS tape to a scratch tape. This permitted the 
convenience of not having to redesignate the area when deal- 
ing with the data subsequently. To do this, a simple transfer 
of data program was used which required the location of the 
area within the photo and the dimensions of the area. 

Step 3 

The generation of a density level map of the area from 
which land use identifications could be made was the next 
step. 

To accomplish this, a histogram program was first run, 
providing a density level histogram plot from each of the 
four data bands. This provided, for each band, the total 
number of data units within the area, the value of the minimum 
and the maximum data unit, the mean of the data, and the 
standard deviation. The histogram itself provided the data 
value on the Y-axis and the percentage of all data units within 
each value on the X-axis. The total number of data units 
within each value was also provided. (see figure 1, page 4) 

The levels of the histogram for each band were then 
divided into fourteen intervals, with the fourteenth, over the 
maximum for that band, being designated as error (E) . A 
symbol or combination of symbols was then assigned to each of 
the thirteen remaining intervals. These symbols were selected 
and assigned so that their shading, from white (blank) to 
black, corresponds with the increasing value of the density 
intervals . 

The density level map was then produced by printing in the 
place of each data element the symbol of the interval within 
which its value fell. Hence, instead of merely printing out 
a sheet of data units, a shaded density level map was obtained. 
Only the band 7 map was used for interpretive purposes. 


\J 



Step 4 


The map thus produced, provided a convenient base on which 
to designate the particular land uses of the area. Using 
water bodies and rivers as orientation points, the density 
level map was aligned with the various sources of ground truth: 
in this case an aerial photo from 4/24/69 provided by the Mark 
Hurd Aerial Surveys, Inc. and a map of land use prepared from 
ERTS photos by John Harrington and Steve Preston of the Depart- 
ment of Geography of the University of Minnesota. The Univer- 
sity's land use map was the principal source of ground truth 
with the aerial photo being used more as a verification of the 
uses assigned on that map. 


; Land use, for this particular Iron Range study, 
into nine classes: 


was divided 


Class 


Name 


Number 


1 

2 

3 

4 

5 

6 

7 

8 
9 


hardwood 

11 

conifer 

12 

water 

31 

water in mines 

32 

wetlands 

40 

mines 

61 

tailings 

62 

open 

70 

urban 

80 


These classes were thought to represent all the distinct land 
uses within the area. When a sample was identified on the 
density level map, it was delineated and labeled. 

This procedure was continued until the number of samples 
within each class was sufficient to establish the class' char- 
acter. With the character of each class determined, automatic 
classification could proceed. 

In order to extract the numerical data of the four bands 
for the designated sample so that it could be later manipulated, 
the next three steps were followed. 

i 

Step 5 

The information concerning each sample, that had been de- 
signated was recorded. The column and row number of the upper 
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left-hand corner of the sample, the size of the sample (the number 
of columns and rows), and its land use identification number 
was punched on a separate computer card. 

Step 6 

Next, a sorting program was run to determine the order in 
which the samples were to be extracted from the scratch tape 
which contained the data of the area. This was necessary due 
to the fact that data is stored row by row; i.e., if a sample 
goes from row 1 through row 4, no other data can be taken from 
those rows without first rewinding the tape. Thus, the data 
for some samples was extracted, the tape was rewound, and so 
on. (see figure 3) 

Step 7 


The data for each band of each sample was now transferred 
in the order given by the sort program from the scratch tape 
to a training tape. This is called a training tape because 
it contains the data with which the K-classif ication program 
will "train" in the process of differentiation of classes. 

Along with the transfer of the data were printed the values 
for each band for each element of each sample, as well as the 
location of the sample and its classification number. (see 
figure 4) After all of the information had been transfered, the 
minimum, maximum, mean, and standard deviation for each channel 
and band of each class were printed out. (see nine page section 
at end of report). From this it could be determined which 
channels of which bands were useable for the K-classif ication. 

A particular channel is considered of dubious value if its 
standard deviation is at a level that implies randomness of 
the data values. in this particular portion of this photo, 
all channels of all bands seemed to supply valid information. 

Step 8 

Since each run of the Dispersion K-class peogram can have 
only six classes, the nine previously designated had to be 
compressed. This was done by using the minimum, maximum, mean, 
and standard deviation information as well as information about 
the land uses themselves. The classes were merged as follows: 
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feature 


new class 


hardwood (11) 1 

conifer (12) 2 

water (31) 3 

water in mines (32) 3 

wetlands (40) 4 

mines (61) 4 

tailings (62) 4 

open (70) 5 

urban (80) 6 


Wetlands were put with mines and tailings not only because 
their numerical values were similar? but, also, because their 
occurrence in this area seems to be mostly the results of 
mines and tailings (i.e., part of tailing ponds). 

Step 9 

Next was generated an annotation of the data listing the 
channel, line, byte, new classification and ID number, and the 
data of all four bands for each data element. These were later 
used in checking the reasons for the various misses in the 
K-classif ication. (see figure 5) 

Step 10 

Finally, the Dispersion K-class program was run on the 
data of the features contained on the training tape. (For 
particulars on this program, consult Revised Dispersion K- 
class-2ddp-24 booklet) . 

A summary of the population revealed a total of 2855 data 
elements with 543 in class 1, 381 in class 2, 327 in class 3, 
1256 in class 4, 214 in class 5, and 134 in class 6. 

Each iteration of the K-class program provided the number 
of misses along with a confusion matrix by percent and by 
samples. The first iteration contained 863 misses. By the 
sixth, this had decreased to 642. (see figure 6) 

With the giving of the appropriate signal, the iterations 
terminate and a list of the misses at that point are printed 
out. Since the improvements in performance were very slight 
after the initial ones, it was decided to print out the list 
of misses after the sixth iteration. In the list were printed 
the ID number of the element, its assigned class, and the 
class decided upon by the K-class program. (see figure 7) 
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A comparison of this information with the annotation of step 9 
and the minimum-maximum data of step 7 aided in the explana- 
tion of why particular misses occurred. 


C. Discussion of Results 

In discussing the success of the automatic evaluation of 
land use in the Trout Lake area, emphasis must be put on the 
reasons for the misses. There are several reasons which can 
be easily corrected and increase the performance of the routine. 

Some misses arise from the misdes ignation of features. 

A comparison of the print out of feature location, designation, 
and data of each band and the maximum-minimum information, 
both mentioned in step 7, with the density level map reveals 
many of these misdesignations . It many times occurred that 
values within a feature would be very uniform, except for one . 
or two points on the periphery. These peripheral points usually 
fell on or very near the minimum or maximum value for that 
feature as expressed on the minimum-maximum sheets. Upon 
checking the location of these points on the density level map, 
it was, in most cases, found that they were not actually part 
of the feature with which they had been grouped, but were part 
of a neighboring feature. 

The inclusion of these peripheral points in the wrong 
class caused an alteration of the minimum-maximum values of that 
class. The inclusion of some hardwoods with open would cause 
the distinctions between the two classes, expressed by the 
minimum -maximum values for each class to be blurred. Thus, 
numerous occasions would arise when an element could be classi- 
fied one of two ways. A correction of these erroneous inclu- 
sions would eliminate some of the extremes in classes (i.e., 
lower the maximum and raise the minimum); therefore, further 
separating the classes and allowing the K-class program to 
operate more effectively. 

In two instances, the wrong column or row number was 
punched onto the computer cards in step 5. Thus a whole sample 
was erroneously classed. Correction of this error would have 
the same effect as the correction of the previous type: elim- 

ination of extreme values in classes. 

The misses thus far discussed have been human errors: 
ones that occurred as a result of the researcher. Others occurred 
because of the nature of the K-class if ication program. 



The K-class program uses all four bands of the ERTS photo 
simultaneously in distinguishing one class from another (except 
those bands or channels of bands which were designated as 
faculty). Hence, for two classes to be distinguished, one 
from the other, 100 percent of the time, none of their values 
on any of the four bands may overlap; i.e., the maximum of one 
must be less than the minimum of the other. This is generally 
not the case. 

(For the following discussion, the minimum -maximum sheets 
mentioned in step 7 are used.) 

For example, the values for open and conifer overlap in 
bands 4 and 5 but not in 6 and 7. Conifer and urban overlap 
in bands 5 and 7, but not in 4 and 6. The two classes of 
water and conifer overlap in bands 4 and 5, but not in 6 and 7. 
Natural water can be distinguished from water in mines by 
band 4 only. This is an important distinction; because, natural 
waters (lakes, rivers, reservoirs) can be used for recreational 
purposes, while water in mines can not. Hence, when taking a 
total of all usable waters in an area, water in mines should 
not be included. Hardwoods can be distinguished from tailings, 
mines, & wetlands by band 7 only. Whereas hardwoods and conifer 
can be distinguished by 6 and 7, they cannot by 4 and 5. Hence, 
it should be obvious that a technique using all four bands 
together would result in much misclassif ication. Indeed, in 
over half of the misses that occurred, the value of at least 
one of the bands did not fit within the minimum-maximum values 
for the class decision. 

Some classes, however, overlap at least to some degree 
in all of the four bands. Mines and tailings overlap, but this 
is not of extreme importance because they are both in the class 
extractive. Hardwood and open completely overlap, as do hard- 
wood and urban. In the case of the former, however, their means 
are different enough to suggest that the elimination of the 
erroneous peripheral data elements mentioned earlier may cause 
their values to separate. This seems much less likely in the 
case of the latter. Open and urban also overlap on all four 
bands. Their overlaps are slight enough, especially in band 
four, that they could at least be lessened by eliminating 
erroneous data. 

* 

In conclusion, more care must be taken in the initial de- 
signating and a classification technique should be used which 
compares and evaluates all four bands separately rather than 
together. These changes would better the already encouraging 
results. 



The comparison of the data of the Trout Lake area with 
that of Pineville, located northwest on the same photo, was 
not very encouraging. A comparison of the various classes was 
made from the minimum-maximum sheets of the two areas. 

Values for hardwoods in the two areas matched in bands 6 
and 7 with the mean for Pineville being slightly higher, but 
not in bands 4 and 5, where the Trout Lake means are higher. 
Conifers matched except for band 5 with, again. Trout Lake's 
mean being higher. Urban matched well in all four bands. 

Open matched in band 6, but only overlaps in bands 4, 5, and 
7 with Trout Lake's mean consistently higher. No comparison 
could be made of extractive due to the differences in the 
extractive classes used (extractive 1, 2, 3, and 4 in the 
Pineville study verses mines, tailings, and water in mines in 
the Trout Lake study.). 

The question is whether these differences occurred due 
to the relative locations of the areas on the photo used or 
due to differences in ground truth interpretation. This 
researcher believes it may be the latter since the two studies 
match in easily identified classes such as urban. Hardwood 
and conifer, on the other hand, could be easily confused by 
the researcher untrained in photo interpretation or lacking 
adequate ground truth. Also, Pineville was evaluated with 
high altitude and regular aerial photos, while Trout Lake was 
evaluated using land use interpretations from ERTS photos. 

In the latter case, qualified land use interpreters had already 
decided what could or could. not be designated from satellite 
photos . 

In conclusion it must be stressed that valid results and 
meaningful comparisons begin with adequate ground truth, rea- 
sonable classes, and reliable feature designations. 


D. Further Studies to Pursue 

Since the two areas studied from photo 1075-16312 were not 
conducted by the same researcher, it is questionable if the 
comparison of the results of the two areas can be considered 
conclusive. Likely, a second comparison should be done of two 
areas on the same photo interpreted by the same researcher. 

Then something could really be said about the transferability 
of class interval designations from one part of a photo to 
another. 



A possible and worthwhile extension of this study would be 
the evaluation of the same area. Trout Lake, on another photo. 
There is an appropriate photo taken within a few days of the 
1075-16312 shot. The physical situation (plant growth, water- 
bodies, and human manifestations) should be nearly the same 
for both shots. Thus, the results of the two studies of the 
same area on different photos could be compared to determine the 
transferability of class interval designations from one photo 
to another. 
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M I M , s 

band# = 

M I N . s 

BAND* = 7 , 

MIN. a 

CHANNEL r 4 

SAND# - 4 J 

MIN.. 

band# = 5 , 

M I N * = 

band# - ^ , 

MlM.s 

fj A N D * - 7 , 

M j' N . a 

CHANNEL = 5 

r 

4 . ^ 4 . 

w ' *■ r / 

r i m # a 

BAND# * b / 

M J N , a 

BAND# e 

min*. 

BAND* b 7 / 

M I M * = 

CHANNEL * ^ 

V * 

BAND# = 4 / 

M I N , a 

BAND* s 5 / 

z 

• 

ti 

BAND# b ^ f 

«IN.. 

BAND# = 7 / 

HjM.= 


16/ 

MAX . = 

20/ 

MEAN 


9/ 

MAX . - 

13/ 

MEAN 

3 

6' 

MAX . s 

13/ 

MEAN 

3 

1* 

MAX* a 

5/ 

mean 

a 

16/ 

MAX • - 

20/ 

mean 


9/ 

MAX . = 

13/ 

mean 

X 

4 / 

MAX. a 

11/ 

mean 

0 

1' 

MAX * s 

5/ 

mean 

- 


17/ 

MAX *b 

21/ 

MEAN L 

8 / 

MAX. a 

15/ 

MEAN a 

4 / 

MAX . = 

12/ 

mfan = 

1' 

MAX * a 

5/ 

mean = 


ir>/ MAX * a 21/ MEAN a 

9/ MAX. a 14/ MEAN = 
6/ MAX • s 13/ MFAN a 
\* M A X ♦ = 5/ MEAN = 


1 7 / MAX * = 23 / MEAN 
5 / M A X • » 1 ? / MEAN a 
7' MAX. = 13/ MEAN a 
2/ NaX. 3 5/ MEAN s 


18*682/ ST.DV* 
10*932* ST.Dv* 
9*136/ ST.DV* 
2*132/ ST • D y • 


18*268/ ST » D V * 
10*561* S T * Dv • 
7*049/ ST*DV« 
2*073/ ST.DV* 


13*091/ ST * Dy * 
10*4*5/ ST.Qy. 
7*212/ ST.Dv. = 
2*424/ ST.DV* = 


17* 4q 0/ ST.Dy* = 
11*100* ST.Dv* * 
8*400/ ST • 0 v • = 
2*500/ ST * Dy * * 


18*864/ ST.DV* = 
11*091/ ST.Dv* = 
9*227/ ST.DV* = 
3*091/ ST.Dv* = 


= 1*2184 
3 1*3456 
* 1*6227 
3 1*1149 


3 1*1633 
= 1 *2635 
3 1 *6038 
= *9599 


•9H3 
1 *3261 
= 1*7334 

•8665 


1*1642 
1 *7429 
2*0999 
1*1018 


2*1541 
1 *9723 
2 *6533 
1 *2845 


1*6038 
1 *4431 
1 *3570 * 
1*1245 




i 

! 



32 


Miv\iLS 


CLASS c 

CHANNEL 2 1 ~ 

B AND* & 4/ MJN.s 
B A NJ D * a 5 t M I M • * 
{2 AND* = Of MJN.s 
BAND* s 7/ H I N * = 

CHANNEL * 2 

band* = 4, m:nv 
BAND* =5, M(N.= 
band* s m f n • » 
BAND* = 7/ M J N , a 



1 y / M AX . C 2 A- / MEAN = 

10/ MAX.* 17/ MEAN = 

7/ MAXts 14# MEAN = 

2/ MAX*b 6/ MEAN s 


20/ M AX • = 25/ MEAN = 
11# MAX • e 20/ MEAN £ 
7/ M A X # = 16/ MEAN = 
1# MaX»= 6/ MtAN = 


tn 


21*241/ 

ST • D V 

a 

1 .8312 

1 4*276* 

ST.Dv 

" 

1*9932 

10*759/ 

ST.DV* 

- 

1 *6745 

3*621/ 

ST « D V* 

s 

*9970 

21*958/ 

ST.DV* 

j. 

1 *9035 

14 *79?i 

ST.DV* 

z 

2*1931 

11 *292/ 

ST.DV* 

£ 

2*2*18 

3*292/ 

st.Dv 

= 

1*4355 


CHAN\rL * 
band* 

3 

s 4/ 

M J N * = 12/ 

M A X • = 

26/ 

MEAN 

.. 

21 * 4 Q 3 1 

ST « Dv * 

z 

1*7751 

f ; AND* 

band. 

- 5/ 

M 1 N . a IQ/ 

MAX .= 

19/ 

MEAN 

z 

14*727/ 

ST.DV 

* 

2*2600 

= 6 / 

M f ; 6/ 

MAX 

16/ 

mean 

a 

10*403* 

ST.Dv 

a 

2*1247 

5 AND k 

a 7 / 

MIN,* 1 / 

M AX .= 

6/ 

MEAN 

s 

3 *409/ 

ST.DV • 

2 

1*1544 

CHANNEL s 
band* 

4 

a 4 / 

i | 

MA'.« 20/ 

M A X • = 

25/ 

mean 


21*417/ 

ST.Dv* 

£ 

1*3202 

p A N D * 

a 5/ 

M I N . = 11/ 

MAX . = 

17/ 

hi E A N 

5 

1 4 * 9 1 7 / 

ST.Dv . 

= 

1*3202 

B A N D * - 

r. A, / 

M I N., a 7 / 

M AA 4 = 

12/ 

r.h a N 

3 

9 * 9 l / / 

v? 1 ♦ 5 V * 


1 • 5 C U i- 

B A N D * 

? 7 / 

M [ N • a c' / 

MAX . = 

■ 5/ 

MEAN 

S 

3*760* 

ST * D V * 

r ‘ 

*8292 

CHANNEL * 
BAND* 

5 

z 4/' 

M I N . = 1 ft / 

M A X * s 

23/ 

MEAN 


20*947/ 

ST.DV* 

z 

1 « 7 6 1 4 

band* 

a 5/ 

MIN.* 11/ 

MAX . = 

16/ 

mean 

5 

1 4 * 1 0-5/ 

ST.Dv'* 

= 

1 * 41q3 

p AND# 

= ^ / 

M I hi 8 / 

MAX . a 

12/ 

MEAN 

3, 

9*626* 

ST.Dv • 

z 

1 *0939 

band k 

s 7/ 

M I N ♦ * c / 

M A X • » 

3/ 

mean 

a 

2*684# 

ST.DV* 

s 

* 4 6 4 8 


CHANNEL = 

6 



Ms A X • = 


uAND« 

= 4/ 

M I Nj . ~ 

1 o / 

25/ 

BAND# 

= 5* 

M I N . = 

11/ 

M A X . s 

18/ 

B AMD# 

- i\ * 

M IN.- 

fc / 

MAX • = 

15/ 

band* 

= 7 ; 

MIN,* 

2/ 

MAX .= 

6 / 


MEAN = 

21 * 0 40 * 

ST.Dv* 

2 1 

.3705 

mean = 

1 4 * 520 * 

ST.Dv* 

* 2 

♦ 002 4 

mean z 

1 0 1 7 A 0 ■* 

ST.DV 

* 1 

*5219 

M.p AN = 

3*360/ 

ST * D V • 

at 

*9749 



CLASS 5 40 r. u\n 


channel b i 


v ' M.. U s 

band* 

i 

= h, 

M I N . a 

\‘19/ 

MAX • c 

27/ 

B AND* 

= 5/ 

MN.s 

'14# 

MAX . = 

27/ 

band* 

= 6/ 

M I N • a 

17/ 

M A X • = 

25/ 

Band* 

= 7/ 

M J N » = 

6/ 

MaX * * 

15/ 

channel = 
band* 

2 

n A / 

MIN,* 

19/ 

MAX . = 

25/ 

band* 

= 5/ 

min.* 

13/ 

MAX. = 

23/ 

B A N D * 

s 6/ 

M T N . * 

12/ 

MAX . = 

29/ 

g and* 

= 7/ 

M j N * * 

4/ 

MAX • = 

16/ 

channel = 
band* 

3 

= 4 / 

M I M . a 

It/ 

MAX * a 

33/ 

BAND* 

= 5/ 

M IN.* 

14/ 

MAX . = 

3 0/ 

B A NO* 

= A/ 

MI N • * 

It/ 

MAX « = 

29/ 

band* 

* 7 > 

M I N . = 

fa/ 

MAX • = 

15/ 

CHANNEL • 
band * 

4 

T 4 / 

M I N . = 

20 / 

MAX * s 

25/ 

R A N D * 

- 5i 

MIN,* 

1 ii . / 

MAX .a 

2'3 « 

RAND* 

5 6 / 

min.* 

17 / 

MAX . = 

22 / 

band# 

= 7* 

M I N • s 

o / 

MAX . s 

.16/ 

CHANNEL = 
band* 

5 

9 4 * 

IN,* 

It/ 

MAX .= 

27/ 

band* 

« 5/ 

MIN.* 

15/ 

MAX .c 

25/ 

band* 

= 6/ 

, : : n , - 

14/ 

M: A X * 3 

30/ 

BAND* 

= 7/ 

h J N « a 

4 / 

MaX • * 

16/ 

CHAN,\Et ? 
B AND* 

6 

= 4/ 

MIN.* 

20 / 

MAX *s 

2 7/ 

BAND* 

= 5/ 

min,* 

15/ 

.MAX • * 

29/ 

band* 

= 6 a 

^ IN.* 

13/ 

MAX . * 

29/ 

B AND* 

= 7 / 

M i N • * 

b/ 

max. 3 

15/ 


MEAN = 

23*214/ 

ST * 0 V . 

3 2*4g36 

MEAN 3 

19*333/ 

ST . D V * 

* 3*1522 

mean = 

23*5?4/ 

ST.Dv* 

= 3*1366 

MEAN s 

12*310/ 

SfOVt 

= 1*8960 


mean = 

22 *846/ 

ST • D V • 

= 2*1428 

MEAN 3 

18*949/ 

ST.DV* 

= 3«q963 

mean = 

23*103/ 

ST.Dv 

- 3*3034 

MEAN * 

11*538/ 

ST.Dv 

«= 2*2854 


mean - 

22*632/ 

ST.DV* 

* 2*7355 

MEAN = 

1.9*3 95/ 

ST.DV* 

* 3*3337 

MEAN = 

23 * 1 05/ 

ST , D V • 

* 2*9539 

mean = 

12*105/ 

ST.DV* 

= 1*7739 


MEAN = 

23*024/ 

ST.DV. 

= 1 

. 6 3 0 3 

MFA Kt - 

. Q _ O h h . 

CT , fV,j . 

- n 

, "v 4 n 

1* j. / 1— 

MEAN = 

23*317/ 

ST.DV. 

= .2 

• 3149 

MEAN a 

12*634/ 

ST.DV* 

s 2 

•0572 


MEAN * 

22*882/ 

ST.DV* 

= 1 

.7784 

mean s 

19*353/ 

ST.Dv 

3 1 

.93 85 

MEAN = 

24*1 76/ 

ST.DV 

3 4 

• 1761 

MEAN ^ 

11*676/ 

S y • D V 

3 3 

*6977 


MEAN = 

2 3 • 7 3 0 / 

ST.DV* 

= 1 

• 9952 

mean; = 

? 1 *027/ 

S T « l) v * 

= 2 

.9727 

mean = 

23*5 6 5 / 

ST.DV. 

3 3 

*7166 

MEAN = 

11*784/ 

ST.Dv. 

= 2 

•2317 





- class ; 

61 • 

- ** • ~\o 

Mines 






CHANNEL = 

5 A NJ D f 

1 - 
= A / 

M I N ♦ 5 

Wu 

CjcA ^ tnnrt 
M A X , c 

28/ 

MEAN 


24.807/ 

ST • Dy - 


1 .7037 

5 A\iD* 

e 5/ 

M 1 N * c 

Vo' 

MAX , z 

30/ 

MEAN 

s 

23-048/ 

ST * D V • 

a 

2*9285 

(j A N D 4 

3 6- 

MIN#* 

1 c * 

MAX • a 

29/ 

mean 

r 

23.000/ 

ST-DV- 


3-7352 

BAND# 

c 7 / 

■ M 1 N • = 

bi 

MAX ,= 

16/ 

MEAN 

= 

10*157/ 

ST-DV* 

- 

2*1368 

channel = 
band* 

2 

S 4/ 

M I N , s 

20' 

MAX ,= 

28/ 

MEAN 

a 

24-922/ 

ST • D V * 


1 -4924 

band* 

- 5 • 

M IN** 

14/ 

MAX . = 

28/ 

mean 

a 

23*189/. 

ST • D V » 

r 

2-951 1 

band* 

= 6/ 

MIN,* 

11/ 

MAX * a 

32/ 

mean 

a 

8 4 . 1 5 6 - 

ST , D y * 

- 

3-8899 

band* 

■ 7 / 

min.* 

4 * 

MAX. = 

16/ 

MEAN 

s 

9-844/ 

ST « Dy * 

x 

2*5029 

CHANNEL S 

BAND* 

3 

= 4/ 

M I N . = 

20/ 

MAX ,2 

29/ 

mean 


24-530/ 

ST, Dy* 


1 -9096 

band* 

= 5 / 

MIN,* 

19/ 

MAX , a 

30/ 

MEAN 

a 

275-341/ 

ST ♦ D V * 

s 

2*4768 

B A N D * 

= A / 

MIN,* 

lb/ 

M A X , r 

31/ 

MEAN 

s 

23-169/ 

ST » D V * 

z 

3-2032 

BAND* 

? 7/ 

M I N • s 

6/ 

MAX , = 

16/ 

mean 

= 

9-482/ 

Sj » Dv * 

3 

1 -8971 

channel * 

band* 

4 

3 4/ 

M I N * « 

21/ 

MAX .= 

28/ 

MEAN 


24-212/ 

ST.DV* 


1 -5305 

band* 

? 5 / 

M I N * * 

1 4 z 

MAX .= 

27/ 

MEAN 

a 

22-787/ 

ST * D v * 

5 

2*587o 

•3 A N D * 

a 6/ 

H I N , = 

14/ 

MAX .a 

30/ 

mean 

z 

23-200/ 

ST.cy. 

s 

3-3667 

B AND* 

a 7/ 

M JN. * 

t 

5 / 

MAX , = 

16/ 

MEAN 

a 

10-000/ 

ST-PV* 

3 

2-3611 

CHANNEL a 

B AND.* 

5 

= 4/ 

M I N . = 

21 / 

MAX , a 

3?/ 

MEAN 

- 

23-772/ 

ST • D V » 


1*4073 

GiMCi 

1 

M | W . f 

4 c . 

V. A V . . 

^ - 

kA r- A *l 1 



r >* rs . , 


„ ^ ~ ~ 

- - 

_ — ■ 

‘ ‘ 1 

W *-, > 

t , . . A j ', 

“ 

C L. 41 i r -f + 

.>1 * v * 

- 

fl * O O / O 

band* 

= A t 

M I N . = 

1 3/ 

MAX • a 

34/ 

mean 

a 

8 3 - 6 7 4 1 

ST-Dy - 

= , 

3*4201 

B AND* 

= 7/ 

M IN,* 

<4 / 

MAX .s 

lb/ 

mean 

- 

9*620/ 

ST-DV* 

* 

2*0399 

channel = 

BAND* 

6 , 
s 4/ 

min,* 

22/ 

MAX ,= 

3 8 / 

M E A N 


24-851/ 

ST » Dv • 


1-8725 

band* 

= 5/ 

min.* 

1 6/ 

M A X , s 

38/ 

mean 

a 

23*103/ 

ST » py , 

= 

2*5 97 0 

B AND* 

* 6 / 

MIN.* 

13/ 

M AX ■ = 

36/ 

MEAN 

a 

23-713# 

ST.Dy. 

z 

3*7475 

3 A N D * 

* 7/ 

M IN, * 

b/ 

MAX , s 

17/ 

mean 

X 

10*368/ 

ST-DV 

r 

2*3445 




' CUASS ; 7'^aiUnns 

channel * 1 A c"« 6c-lUw^ sJ 


1} anD, 

= 4 / 

M I M , o 

V2Q/ 

MAX. 3 

32/ 

MEAN 

1 

24 ,-S30i 

ST.DV* 

- 

2 

*5832 

0 A N D w 

' 5/ 

M I N • c 

'16/ 

M AX .3 

35/ 

mean 

3 

23*651/ 

ST » D V * 

Z 

4 

•8664 

BAND* 

3 A / 

M I K! . 3 

1 8/ 

M AX , = 

34/ 

MEAN 

3 

2b '096. 

ST.Dv • 

s 

3 

*8039 

BAND* 

3 7/ 

M I N * 3 

7/ 

MAX, s 

i c; * 

MEAN 

* 

11*394/ 

ST * D V * 

z 

i 

*9196 

channel = 
band* 

2 

= 4/ 

MIN. = 

20/ 

MAX . « 

31/ 

MEAN' 

tt 

24*539/ 

ST.Dv* 

X 

2 

• 3178 

BAND* 

= 5/ 

M I N.~ 

16/ 

MAX ♦ = 

34/ 

mean 

■a 

22*551/ 

ST.DV* 

z 

4 

*3005 

band* 

3 6 / 

M I N • 8 

1 7 i 

MAX . = 

35/ 

MEAN 

3 

24*640/ 

ST.DV. 

X 

3 

*5450 

band* 

? It 

M I N * * 

6/ 

M A X * 8 

14/ 

MEAN 

3 

10*787/ 

ST.DV 

= 

o 

C 

*1799 

channel = 

BAND* 

3 

3 4 t 

MIN, 3 

20/ 

MAX . B 

39/ 

MEAN 


23*345/ 

ST.DV* 


3 

*2385 

band* 

s 5/ 

MIN, 3 

15/ 

M AX . = 

34/ 

ME AN 

3 

21 *976/ 

oT • D V * 

z 

3 

*7606 

band* 

3 6/ 

M J N . = 

17/ 

M AX . s 

31/ 

mean 

3 

23*869/ 

ST.DV* 

z 

2 

*9672 

band* 

3 7j 

M I KJ , » 

6/ 

MAX * = 

1 6/ 

mean 

= 

10*905/ 

ST » D V • 

= 

2 

*3331 

channel x 

2 AND* 

4 

= 4/ 

M I N • = 

20/ 

MAX .3 

37/ 

mean 

3 

24*465/ 

ST,DV» 


3 

*0220 

BAND, 

3 5 > 

M I N • 3 

15/ 

MAX » b 

32/ 

mean 

3 

23*209/ 

ST.DV 

z 

5 

♦ 2697 

rand* 

3 A * 

M IN.* 

17/ 

MAX * s 

32/ 

mean 

3 

25 *035/ 

ST.DV* 

z 

4 

*1469 

B AND * 

3 7 ' 

M I N , 3 

5/ 

MAX ,s 

16/ 

mean 

3 

11*453/ 

ST.Dv* 

B 

2 

*2447 

CHANNEL = 

BAND, 

5 

= 4/ 

hIN*- 

15/ 

MAX . a 

29/ 

mean 


23*207/ 

ST.DV* 


1 

*8329 

R AND* 

= Si 

M T N , * 

1 A i 

MAX .a 

'k'\ ; 

M F A M 

= 

O *7QT * 

RT.rw- 

=• 

4 


BAND* 

3 6/ 

MIN,- 

If/ 

MAX , s 

34/ 

MEAN 

3 

24*770/ 

ST.Dv* 

s 

4 

*0278 

band* 

= 7/ 

Min, 3 

5/ 

MAX * 3 

15/ 

mean 

3 

10*770/ 

S T , D V * 

* 

2 

* 0.5 5 0 

CHANNEL = 

BAND, 

6 

3 4 / 

MIN. 3 

20/ 

MAX . * 

32/ 

MEAN 


24 *900/ 

ST.DV* 

3 

2 

*6140 

band* 

= Si 

M I N . = 

1 S / 

Mi A X ,s 

35/ 

ME AN- 

a 

23*571/ 

ST.DV. 

Z 

4 

* 8 8 A 3 

band* 

= 6/ 

M T N.“ 

lb/ 

MAX . 3 

35/ 

MEAN 

a 

25*336/ 

ST.DV* 

Z 

3 

*9939 

BAND* 

» 7 / 

M I N , = 

6 / 

Ml A X , a 

16/ 

MEAN 

= 

11*429/ 

ST.DV* 

= 

2 

• 0603 



class ; 70 


^ Choc a 

CHANNEL = 1 


B AND* 

* 4 t 

MIN." 

PQ/ 

MAX « 3 

27/ 

MEAN 

•j 

24.237# 

5 T * D V * 

a 

* 

1 

*3272 

B A Ni l) * 

= 5/ 

M IN , 3 

1 A i 

MAX .= 

27/ 

MEAN 

r 

18*158/ 

ST.Dv* 

z 

2 

*6904 

B A N D * 

= A / 

H I N * * 

c9* 

MAX .s 

4 5/ 

MEAN 

3 

37.605/ 

ST * D V * 

3 

3 

*9433 

band* 

c 7/ 

M I N . 3 

!&/ 

MAX • e 

31/ 

mean 

s 

23*526/ 

ST.Dv* 

x 

3 

*0927 

CHANNEL S 
band* 

2 

3 4 / 

M N • * 

20 / 

MAX * e 

28/ 

MEAN 


24*367/ 

ST « D y * 

x 

1 

*7693 

B A N D * 

= 5 / 

MIN . 3 

3 A/ 

max . = 

26/ 

mean 

= 

5 8*959/ 

ST.Dv* 

a 

3 

*0968 

band. 

T A > 

MIN. « 

29/ 

MAX .= 

48 / 

MEAN 

= 

37-633/ 

ST.DV* 

X 

4 

*6585 

band. 

3 It 

M-l N • = 

17/ 

MaX .s 

30/ 

mean 

3 

22-755/ 

ST * D V * 

X 

3 

-0741 

CHANNEL 5 

B A tsi D * 

3 

= A t 

MIN. s 

20 

M A X . s 

22/ 

mean 


23-680* 

ST.DV* 


1 

.7826 

n AND* 

= 5 t 

min.= 

1 A / 

MAX ♦ = 

23/ 

MEAN 

' s 

1.8*100/ 

ST.DV • 

X 

2 

-2204 

RAND* 

= A # 

min.* 

33 / 

MAX • a 

4 6 / 

mean 

a 

38-080/ 

ST.Dv* 

X 

4 

*0440 

BAND* 

? 7/ 

M ; N * c 

i y> 

M 1 AX • = 

28/ 

mean 

3 

22*84 0/ 

ST • D V * 

7 

2 

*7376 

CHANNEL S 
BAND, 

4 

- A / 

MIN.* 

21/ 

MAX . a 

27/ 

MEAN 


23 *839# 

S T * D V * 


1 

• 8854 

B and* 

= 5/ 

MIN. = 

lb/ 

MAX • c 

2 6/ 

mean 

a 

18*548/ 

ST.Dv* 

X 

3 

*3199 

band* 

= 6/ 

MIN.* 

28/ 

M A X . = 

44/ 

MEAN 

3 

37*645/ 

ST.Dv. 

X 

4 

*64^8 

RAND# 

3 7 1 

M] N. 3 

1 A / 

MAX .= 

27/ 

mean 

3 

22-871/ 

S T » D V * 

X 

3 

*2897 

channel r 
r and* 

5 

3 A / 

M I N • 3 

19/ 

MAX * c 

25/ 

MEAN 


2 3 • ? 6 7 / 

ST . D v * 


1 

*5261 

r/\NB, 

= 5 > 

r I w . = 

16/ 

MAX . s 

26/ 

MEAN 

- 

13*933/ 

ST . D V . 

X 

? 

*5421 

band* 

= A > 

M I N . 3 

30/ 

M A X * a 

5C.» 

mean 

3 

38*467* 

ST > D V * 

X 

4 

*9648 

band* 

r It 

M I N • « 

19/ 
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